The fuzzy set theory addresses the development of concepts and techniques for dealing with uncertainty or impression conditions. If the collected data from a process include vagueness due to human subjectively or measurement system, fuzzy control charts are available tools for monitoring and evaluating the process. The main contribution of fuzzy control charts is to provide flexibility to the control limits. When sample mean is too close to the control limits and the used measurement system is not so sensitive, the decision may be faulty. In this paper, the fuzzy standard deviation is firstly introduced to obtain fuzzy X and S control charts and then these fuzzy control charts are employed in food industry to monitor if the processes are under control or not. Additionally, the fuzzy X and S control charts are developed for the case that the population parameters (µ and σ) are known.
Introduction
Statistical process control (SPC) is a powerful and a widely used methodology to monitor and evaluate processes. In many applications on practice, the traditional control charts are used. The main aim of traditional control charts, named Shewhart control charts, is to detect whether or not a process is "out of control". The control charts contain three elements: the centerline (CL), the upper control limit (UCL) and the lower control limit (LCL). CL represents the average value of the quality characteristic, UCL and LCL present the Traditional control charts require crisp values from a process. But in many cases data include fuzziness. While collecting data from a process, this uncertainty or vagueness exist inherently on the process and on the measurement system which include operators and gauges. If data contain some vagueness, the fuzzy control charts are useful tools for evaluating fuzzy data. The fuzzy set theory can be adopted on the fuzzy control charts. Zadeh 1 first introduced the concepts of fuzzy sets and fuzzy logic. Fuzzy logic is a form of multi-valued logic derived from the fuzzy set theory to deal with reasoning that is approximate rather than precise. Attempts to handle the uncertainty, imprecision and subjectiveness inherent in the human decision making process can be carried out basically along the lines of the probability theory and the fuzzy set theory. Imprecisely defined "classes" play an important role in human thinking, particularly in the domains of patter recognition, communication of information, and abstraction 1 . The aim of this study is to give the calculation methodology of fuzzy standard deviation for obtaining the fuzzy S X control charts. Additionally the theoretical structure of fuzzy X and S control charts is developed for the case that the population parameters, µ and σ are known.
In the application section, we show how to control the packing process of biscuits with fuzzy S X control charts. Thus, the false alarms being early or late are avoided and unnecessary time consumptions are prevented in packing process.
The rest of the paper is organized in the following order: A literature review on fuzzy control charts is given in Section 2. The calculation of fuzzy standard deviation is presented in Section 3. Fuzzy S X control charts with and without the known population parameters,   and are introduced in Section 4. The application to the packing process of biscuits with fuzzy S X control charts are presented in Section 5. In Section 6, the conclusions are given.
Literature Review on Fuzzy Control Charts
The fuzzy control charts were firstly presented by Raz and Wang 2 and Wang and Raz 3 . They proposed two approaches: probabilistic approach and membership approach. In probabilistic approach, the observations are converted from linguistic terms to their crisp values, and the control limits are calculated for variables. In membership approach, the fuzzy subsets corresponding to the observations in a sample are combined into a single fuzzy subset that corresponds to the sample average according to the rules of fuzzy arithmetic. Kanagawa et al 4 proposed control charts using linguistic terms as labeled fuzzy data from a stand point different to that of Wang and Raz 3 . Their control charts are aimed at directly controlling the underlying probability distribution of the linguistic data. El-Shal and Morris 5 made an investigation into the use of fuzzy logic to modify SPC rules, with the aim of reducing the generation of false alarm and also improving the detection and detection-speed of real faults. Rowlands and Wang 6 introduced a method of fuzzy SPC evaluation and control (FSEC) which combines traditional statistical process control methodology with an intelligent system approach. Fuzzy logic is employed to evaluate SPC zone rules which lead to the special membership functions and fuzzy if-then rules. FSEC is based on a multiple-input/ single output system. Gülbay et al 7 proposed α-cut control charts for attributes data to regulate the tightness of the inspection for attribute with triangular fuzzy numbers. In their approaches the tightness of the inspection can be defined by selecting a suitable α-cut. The α-cut approach provides the ability of detecting out of control points and effectiveness of fuzzy control charts. Cheng 8 proposed the method of constructing a fuzzy control chart for a process with fuzzy outcomes. Fuzzy outcomes are described in fuzzy numbers based on experts' quality ratings. Two fuzzy control charts are constructed to directly monitor the fuzzy outcomes in order to establish whether or not the process is in control. Gülbay and Kahraman 9, 10 proposed an alternative approach to fuzzy control chart: direct fuzzy approach. They used a direct fuzzy approach to fuzzy control chart for attributes under vague data using the probabilities of fuzzy events. Direct fuzzy approach does not require the use of defuzziffication and compare the linguistic data in fuzzy space without making any transformation. Faraz 17 used the fuzzy set theory to add more information and flexibility to process capability analyses. For this aim, linguistic definition of the quality characteristic measurements were converted to fuzzy numbers and fuzzy control charts are derived for fuzzy measurements of the related quality characteristic. Fuzzy control charts were used to increase the accuracy of PCA by determining whether or not the process is in statistical control. Also, fuzzy set theory is used for multi-criteria decision making applications, like Kahraman and Tolga
18
, and Pahlavani
19
.
Calculation of fuzzy standard deviation
A measurement of a certain characteristic is represented by a triangular fuzzy number (a, b, c) as shown in Figure 2 
where n is the size of fuzzy sample and m is the number of fuzzy samples.
The triangular fuzzy standard deviation is represented as ) , , ( 
In the following we define the steps of another way of calculating standard deviation since the formulations given in Eqs. 8-9 are somewhat complex.
Step 1:
is calculated for each sample with sample size n by using Eqs. 1-3.
Step 2: If there is no intersection between a TFN of the considered sample and the TFN of that sample's mean as in Figure 3 If there is an intersection (small or large, the size is not important) between membership functions of fuzzy numbers as in Figure 5, Step 3: ) , , (
are calculated for each value within the sample, being one of the three cases in Step2. Using these values, the fuzzy standard deviation is calculated as follows: Upper and lower limits are the two rigid lines in traditional control charts with no flexibility. The fuzzy set theory is an excellent approach to provide flexibility on control limits. So, the fuzzy control charts can be used instead of the traditional control charts. In this application, the packing process is controlled by fuzzy S X control charts and the sample size is 5.
The traditional X control limits are given as follows:
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Fuzzy
X control chart
The control limits of fuzzy X control chart with standard deviation S are obtained as follows: 
α-cut fuzzy
X control chart α-cut approximation is widely used in the fuzzy set theory. α-cut fuzzy X control chart limits with standard deviation are obtained as follows:
where; 
α-level fuzzy midrange for α-cut fuzzy X control chart based on standard deviation
The control limits and center line for α-cut fuzzy X control chart based on standard deviation using α-level fuzzy midrange are:
The definition of α-level fuzzy midrange of the average of sample j for fuzzy X control chart is
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α-cut fuzzy S control chart
When integrating α-cut approximation to the fuzzy S control chart, the control limits of α-cut fuzzy S control chart are obtained as follows: 
α-level fuzzy midrange for α-cut fuzzy S control chart
The control limits of α-level fuzzy midrange for α-cut fuzzy S control chart are obtained by the following equations:
2 ) (
The α-level fuzzy midrange of standard deviation of
The condition of process control for each sample is defined as If the population parameters µ and σ are known from past data, these parameters can be used to construct the traditional X control charts as follows 21 :
In fuzzy case, fuzzy X control limits are obtained as in the following:
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α-cut fuzzy X control chart when μ and σ are known
α-cut approximation is combined with fuzzy X control chart as follows:
. α-level fuzzy midrange for α-cut fuzzy X control chart when μ and σ are known
By using α-level fuzzy midrange, the control limits and center line for α-cut fuzzy X control chart are obtained as follows:
The α-level fuzzy midrange of sample j for fuzzy
The condition of process control for each sample is defined as:
Application
The application of the developed fuzzy control charts was applied in a biscuit factory in Istanbul Turkey. The factory is one of the largest four in Turkey. Biscuits are packed with a nominal weight of 100 gr. The packing process of biscuits was controlled with fuzzy control charts. Fuzzy data were collected as fuzzy numbers; the sample size was five and the total sample number was twelve. All the fuzzy observations of the first sample are given in Table 1 . The fuzzy averages and the fuzzy standard deviations for all the samples, fuzzy overall means and averages of standard deviations are given in Table 1 .
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and the condition of process control for each sample are given in the second and third columns in Table 2 .
Fuzzy S control chart
After evaluating the fuzzy averages with fuzzy X control chart of the packing process of biscuits, the fuzzy standard deviation of the packing process of biscuits are given in the following:
  
The control limits of α-level fuzzy midrange for α-cut fuzzy S control chart are given in the following: As it is seen from Table 2 , α-level fuzzy midranges of averages for all samples are "under control" according to the fuzzy X control chart. Also, α-level fuzzy midranges of standard deviation for all samples are "under control" according to the fuzzy S control chart. So, it can be said that the packing process of biscuits are "under control". These control charts can be used for monitoring to this process. 
Conclusion
Control charts in SPC have very common usage in practice. But if there is uncertainty or impression in data, the process should be controlled with the fuzzy sets. Fuzzy control charts provide flexibility to upper and lower limits.
There are two contribution of this paper: 1. A new way of calculating fuzzy standard deviation has been proposed in Section 3. So, the difficulty of calculating fuzzy standard deviation with fuzzy numbers is removed and it can be easily used in fuzzy X and S control charts. Also, the application of fuzzy X and S control charts has been illustrated in a food industry for evaluating the packing process of biscuits.
2. The theoretical structure of fuzzy X and S control charts has been proposed for the case that the population parameters (µ and σ ) are known. For further research, other membership functions like trapezoidal or L-R type can be used in the developed control charts.
